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mm^] mmm 

irh^:^J\y:^>mt^M7i(^m. RX:^XXlt. \^V^U (2. 2, 2) -;*-^^h-7 
-3:>-2, 3. 5. 6--5^h^:;?j;i/7jf>^i?M*«^. j&tJ^/Xtt, 5- (2, 

n/s:^-9->, 4. 4 '-py% J -V^^^u^^V)\/-i^^y^ i^x (2-t^ 
>^a:h^i/) Jii5f>, N, N-if:;?. ( 3 - r ^ ^ ::^n tf;!/) 7i^;i/T^>, 
i/>e^'r^>. 2, 2' -i;>T^ i^':n^;i/t;x;i/:7^ K> i, (3- 
T^y^yotr/i/) tf^^^>, 3. 4 -trx (3 -T^ y ::^n tf;i/) 2. 4, a 
, 1 o-■5^^^;^-:^^■^^ [5, 5] ^-^^i^-^^ vr^j^^u^^y^ v^^yy.- 
1, 4 -e^T^ y i/^^n^^s^-y-^, i, 3 -i;r ^ >^ - 2 -n Fn^syVa a> 

, 3 (4) . 8 (9) -\£ZK (r^7:i:^;i/) hUS/^n {5, 2. 1. 0) ^ 

itiy<D^ij^^miStit=i 2 m&.±(Dt^r ^ y ^^m-t^m^:^ i rt^o^m 
[it:^^5] M^^3G)2SJSt_h®JigjKi^i;T^>:6^ #icfliitei^i;x;i/ 
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Wirnvrmm-^hx. mmmzi,ty^h^:fy;v:^ymPM^miii^r^y(D=e}iit 
: (0. 9 5- 1. 0 5) iihxm^n^':fuy^)^m^mmm:i<v^ 

5 0 0 0 Tbm 10 73. ^ L < 5 0 0 0 7b^ 5 JjX^^-^Vm 
[ffi^^lO] ^3t:n:^;i/^r-i:LT, M^^ll. 3 6 5 n mJetT® 

[0 0 0 1] 
[0 0 0 2] 
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[0 0 0 3] 
[0 0 0 4] 

-ecDfciblC, m^%0%U\^. (4 S enm) 3J)>P>, (3 6 

5 nm) JgJCliK r F rcdp^/V Ix-if- ( 2 4 8 n m) > A r F:ii^i/vl^ 
-•tf- (19 3nm) (DmM^M-^^typ V l^X^f^^o 

[0 0 0 5] 
[0 0 0 6] 

fee 

[0 0 0 7] 

^•r-i>^«>il®A'^^StlTV^S (Y. Yamaokaetal. :J. Phot 
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opoly. Sci. Tech. Vol. 9 293 (1996) )„ 
[0 0 0 8] 

^^m^^V-(^ F3?)^#|JC-^^Stlit (m^n : ^BI#fi^^^##/5 5 0 2 1 
4 3) e 
[0 0 0 9] 

M : #M¥ 10-108410) „ 
[0 0 10] 

(3 6 5 nm) . K r F 31^1/-^ U-^f- ( 2 4 8 n m) , A r Foc^i/VU- 

if- (i9 3nin) izMvxm^^^mi&^^^h. T jv:^ V ^mmmmizMi^r 

[0011] 
[0 0 12] 

=^ij)\y!^ymvm-^m. if^y^u (2. 2. 2) -::r^h-7-ai 

>-2, 3, 5, 6 -7^h^:*;i/3K>^e^'M7Ki^. j&tJf/Xtt. 5- (2. 5- 
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[0 0 13] 
[0 0 14] 

7. i3-r^ J :^^JV) Sy^u^^-^y. 4, 4 '- ^ J - Viy^^ u^^t/ 
:7w K, 1, 4-i^>^. (3 -T^ y tf;i/) tr^^i>>, 3, 4-bf>^ (3- 

T^y^yPfcT;!/) 2, 4. 8. 1 0 -5^ h^;*-:^-9- [5, 5] $;^'T 

$yi/n^i^->. h'yy:^-!. 4 -vr ^ J t^^ u^^-^y. i, 3-i;T$ 

>^-2-li Kn^r^:;^D/1>, 3 (4) , 8 (9) - tf (T^7x^;i/) h U 
i/^ro {5, 2, 1, 0) 7=:j!J>OcfJ*^e>^«4^fe2aJy^_t®i/'r^>^-^^f 

[0 0 15] 

t^7^ J tyu^-*)-y. m^lt. 1, 3 -1^:7. (3 -T^ y ::^ni^;i/)^b^:*^ 
;i/S;i/n^-9-> (te-^*": 2 4 8. 5) , M'^^t^r ^ J i/u^-^y ir^yM 
: 3 0 0-5 0 0) $:MVNfcfl|MB3i<U>r ^ Fli. ^#«:S«lC*f bT^«tt*^ 

[0 0 16] 
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[0 0 17] 

[0 0 18] 

MTK^hflgJtei^^T^ >®^;i/Jt7&u : (0. 9 5- 1. 0 5) T'®i0-^-em-a- 

^a^^tfi, ^M^©#^ETIC1 40-200 ^eF*b<tt 150-1 
[0 0 19] 

i^^hy) + {i^s} + {n^} = {^s) mm) ~ 
jjs^cD^r^ Kffc*^^Tb5t^;^.T% {^») + mm) ~\^^^ vyt.mm\ztj: 

[0 0 2 0] 
[0 0 2 1] 
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^(^■fen v;i/>^^^^, i^^x^;i/, if^:/^;K B^^>fyT^;i/, i^^y^zT^ 

o 

[0 0 2 2] 

ojbmio75. ^f*b<tt5ooo 5 :^T' 5 i^mmyt^mmmpkm^^ 

[0 0 2 3] 
[0 0 2 4] 

m^v>(^ Kic^bT 5 - 2 oa4%*^^* b<, ««±®3Ky>f ^ m^i^M 

[0 0 2 5] 
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2 --^y J y - 2 - P7 p \^ - 4 - y^j]y:t^y (Di&^^'^^m ti K n ^ i/it^ 
#i> M;ttf2, 3, 4 - h 'J t: Kn^e/^^y^o:/ >, i, 3, 
u^Z/^y^y. 2-j^n4-:^^jv-y jcj -j]/^ 4, 4 '-nKn^^z-y 

hvy3i—/vy.ny:is-^J^m.. M^i^i^x {4- cz^y:ii—jvy.j\^ 
y^L—jv) y.jvy^\^. \^y.^^-^y jiV:^ury^'^±-VX^^). 

[0 0 2 6] 

^^WM^WLX^^'r^n9-ym^:^mx^*). m%:^-^)\y^-t.\.X. 
[0 0 2 7] 

mm-t^Jimt. 2) S3fc3i:^;;i/^-$:fl^Mi-SX5gi:, 3) ^3tSlcMSS: 
[0 0 2 8] 

„ 3j<u-f ^ Kic^bT, rji^-^vmmm 
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[0 0 2 9] 

9 5-1. 0 5) i:bT^e>tie>^n«y^^M-^flgJK;^>KU-r ^ m^%ic-rs 

[0 0 3 0] 
[0 0 3 1 ] 

[0 0 3 2] 

- 1 0 o*CT'^^UT, -pyf hup:;x.hm^.m^-t^. 

aAs, AlGaAs^®II 1 -Vm^t^m^mii^O aL/\^^mif^ :i ti!)^X 

^J^nAXtt^'fb^'nAMlPvx^^, T;v^^af««. ibpsgh 

PSGn-h^«. SOG3-h««, ^-jJC^MX/t^y iJf««^$: 
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[0 0 3 3] 

X(Oit^nh\^X\t. mx.\t. <£JE;!KiB^>:^(Z)ii^, YiU. sU. J 

K r F^A r F^®n:dp U-if-^CD J; e) ^SS^^^^^^S^^ 

. ii^, KrF, A r F®aidpi/vL/— ^f-§:Mv^fcM3te^C, ^fc^g^tD^^tlSiffl 

[0 0 3 4] 

i^'x hJKtc5 0- 1 5 01C, b<ii6 0-12 ox^oym^skm i^-^^ ^m. 

K: J: »J , ttfia®^^^^ - t I^^O^^fb 3 h jb^T* ^ S „ 
[0 0 3 5] 
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[0 0 3 6] 

:tS«^{c-9- ::f ^ ^ n ^^ag ^ - > 5: .^^Hice^^-r S 3 i: T&^T? ^ S 

[0 0 3 7] 

[0 0 3 8] 

-t^^t-b^X'^^. 
[0 0 3 9] 

r^^j^-a-, i>^:J^;i/>'-f K^-^&^Af srhicj:oT. ^^^^^fflic 

[0 0 4 0] 
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[0 04 1] 
[0 0 4 2] 

^tii^X'^^o :r.(D^mmiMthxi^. ^izmm^titjt\^^t>K m^it. ^n^- 

[0 0 4 3] 

^-frS 3 i: J; o T nrtg i: ^So 

M^. ^'c^^mmo^mtmM.m.^\zm^-^^o -m\z\%. ^mMmz^\.^x\%. i 

[0 04 4] 
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:*:^^<Z)/K-:/'M^3ttt3KU-r ^ 0. 2 - 5 0 ^ ^ n >(Z)M®JS$ 

a 

h^-ij'issa 5 0-4 5 omc(Dijammmit^i!>mr'^j^<. 120-20 osc 

[0 0 4 5] 

[0 0 4 6] 
[||£gM] 

[0 0 4 7] 

p :7 ^ n ic, 7K^:$^il h ^ :^ fe^#?^£P1ff &m U -5 „ 
[0 0 4 8] 

7g(o. i2 5^;i/). 1, 3 -ifx (3 -T^ y tr;i/) ■5^F^;*^;i/i; 

s/n:^r-9-> (mmtmnim^tm^. ^^A2 4 6. 5) e. 2 i g (o. o 2 5 

, 6 F>i. 3g (0. 013 ^;v) , tru 2. 1 g ( 
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0. 0 2 6^;i/), T h> 1 5 0 g, h;i/X> 5 0 g ^ftjitJo 
[0 0 4 9] 

^MT'^^#H^TT'l 8 0 r pm-eO. 5^^i^#b^^, 3, 4 - If X ( 

3 -r$ y :/nfcr>n/) -2, 4. 8. i o -5^ h^:^:^r-9->itrn {5, 5} ^> 

"rijy {MMitmm^^^%Bx) 17. 72 g (0. 0 5^;i/). 1, 4-lf>^ 

(3-r^y >^Dfcr;i/) mp.it^m^^^±m&) lo. 02 (o 

. 0 5^;i/). r -:/^n^^ h> 1 0 0 g, h;px> 5 0 g $:io;l:t. 

1 ^^^ja-eii^^. 18 0lClC#iSU, 1 8 0 r pm"Z?4^ra5^raig^L 
[0 0 5 0] 

fc„ r®3KU>r$ K®:0-^«$:, b i^^:7-f - (mv-SSiS) 
iB!l^L;ti::!:5, jKU «#4^^-*M : 24 7 0 0, fSc^p 

(Mn) 1 7 9 0 0, (Mw) 3 7 8 0 0, Z^i^^^ 

a(Mz) 93400, Mw/Mn = 2. 1 1, Mz/Mn = 4. 6 7 7?$>ofc 

o 

ziOflgJtei^^M^TK'J -r^K (19-53) ^l-lii^l-2ic 

[0 0 5 2] 

5 (2, 5-s^':r=^y-5^h^ii Kn:7;i/7y-;i/) -3-;<^;ix-3-i/^ 

n/\:3p-fe>-l, 2-S;:;?7;i/^>^^te;?fCi^ (^^>ft^^^^:y:|ga) 5 2. 8 5 

g (0. 2^;i/) , 1, 3-if:;^. {z-r^ J zfu\f)\^) ^V'y:^^)\/Vt^u^ 
248. 5) 12. 43g (0. 05 , N, N - ( 3 - 

r<J-:ru\ffv) :^^/ir^y iMmt^m^^nm^) 7. 2 6g (o. 05 

, 6 -Al^n^^r h>2. 0 g (0. 0 2^;i/) , if u 3. 2 g (0 
. 0 4^;p), T -:/5=-D^i^ 1>> 1 5 g, h>n/3i> 7 0 g Srffcjitfc 
[0 0 5 3] 
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mmnm^Tv 1 8 0 r p mT' 1 mm^uvmw^. i s oric^tsb. i s 

^iatc^^sub^^, 3. (3 -T^ y >'"Dfcr;i/) -2, 4, s, 10 

-•7^h^:^=¥-!j-7.ifn {5, 5} ^yy^njy m:^.itmm^^^±m^y 27. 4 

4g(o. I0^;b), r -:;^5^n^i' h> 1 2 8 g, 3 0 g $:i)nx.fc 

o 

mmnm^rv if^mmuvmw^. i8 0Tctc#ML, i80rpin-e3^ 

[0 0 5 4] 

m&vt=.iizL^. :i<v7.^iy>mm^^Ait. sa^*&4)-^a (mw) 7392 

OT'feofcc 

r ©fliJKrm^tS-^jKU ^ F©#'I4 (19-56) It. mi-1 Umi -2iZ 
[0 0 5 5] 

-So 

[0 0 5 6] 
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[0 0 5 8] 

^1-1 (omm : 

Cp 1. 2. 3, A-ty^U^y^Z/7^h^:^)V:^:^Wl^:^M^^ 

SiP: 1, 3-tf::?. (3-T^y^n tT;!/) i/ 

Spi : 3. 4-tr>?> (3-T^ >''atf;i/) - 2, 4v 8* lO^^-T^h^:^^ 

{5, 5} ^yritjy 
Pip: 1, 4 -tr>^ (3 - T^ 7:/n tr;i/) tr^^s^'> 

Ma : 5 (2, 5 - i/:^^ y h ^ t KO 7;i/:7 U - 3 - 3 - 
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SiM: 1, 3-tf>^ 7 ^ n tf V=y ^yU^'^y 

PMD : tf D;i U VmVW^m 

S i : e;^'T^ y (^i^T ^ : 4 2 1 ) 

SS:2, 2 '-i;r^ 7 i;a:^;i/i;x;i/:7>f K 

Am:N, N-tf:^ ( 3 - T ^ >^ tT;!/) ^^;i/T$> 

Ch : 1. ir^J:^^)V) ^^U^^i)-^ 

P h s s : tfX (4 -7^ /yoL—JV} i/I^JVy-i F 

s s : 2. 2 '-s^T^ y $;>n:^;i/t;x;i/:7>f F 

BCDcl^ey^n (2, 2, 2) h- 7 -x^- 2, 3, 5, 6-7^h^ 

Dicy:4, 4 *- i;^'T 5 >^ - ^ D ^5? > 

mmmi<D-i^m&jtmm4.mm5^ iA' 05") :j!^t. im^miciB^-rsc 

L c : n ^ ^ h > 

NMP : N-:jl^;i/tfoU F> 

^1 -2(Dmm : 

s i ®-g-:t : mmm^m^:ii<v >f ^ F^s-^tfi® s i ^m(D^m<DmM 

: Hlfl&i^^S-^jKy >r ^ FS:S>y n^'^oiAS^JilCyC.tr^zi- 
2 4 8 nmPRjR^ : /K'J-f ^ F^?g[®^lgJtX^S:a!lSb7tc Ilfi^-^^WL^&V^ 

[0 0 5 9] 

IIJ6M8 

(-f) 2, 2 '-i/'T^ y ^©ig^ 
i/X^^^ei^Jfei 0 0 g, TK^-ffci^j V'i7i=.4 4. 2g, ^^Jzfui^jvrjvn- 

„ Zi<Dmm^mML. n-^U-:i:A;}<l/-^--e6 OlC-e^iliLT, 2, 2 ' 

-^^T^ y s;>':n^;i/-:;x;i/7>r F4 8 g (iR^v 2%) 

[0 0 6 0] 
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m 



BCD19. 86g (0. 0 8^ Ay) . VT^ J i/U^-^y (T^>M: 4 2 
1) 3 3. 6 8 g (0. 04^;i/), 8 -AUU^i^ hy I . 6s (0. 016 
^/V) ^ \fVPy2, 6g (0. 0 3 2^;i/) , N-^^;i/trD U K> 2 0 0 g 
, h;i/X>l 0 O g Sr-ffcii-tJ. 

mmmm^rx' i s o r p mr- 1 m^mux-mw^. i s ox^iz^u^i,. i a 

[0 0 6 1] 

^iaiC?^*|ILfe^, i/^'n/0^t>-T-h^;!7;i/#>^i^'1^7fc#Jl 6. 8g (0 

. 0 8^/1/). 2. 2 '-i^T^ >^ i;>'^5^;i/i;>:;?.;i/:7^ F6. ig (o. 04^ 

, 1. 3-trj^ (T^y'^^vn/) i/^U^^-^y 1 l. 38g (O. 08^ 

. N-^5^;i/tf D y K> 1 2 8 g, 2 o g^ r -^^n^^r h> i 

2 8 g, 3 0 g ^M^. mmw^m^rx i m^m^ux-mw^. i 8 o r 

[0 0 6 2] 

feo 3<z)3Ku-f ^ K(Z)^^*S:, i^3^?K*^^n •Th^^>'>f - (my-igs) -e 
^fis^Lfciira, x^iy^si^^^aa, tj^jii^^^a (Mn) 9000, 

MM^^^'f-M. (Mw) 1 0 7 0 0, Z^p*^:^}'^* (M z ) 1 3 0 0 0 o :t 

o 

[0 0 6 3] 

(/^) _hlH (n) hl^^T'fe€>*V ^-imS^^Sl^;?: 3 feo- 

o z:®7KU>r^ K®:^)'^*?:, lllr3^?^#:^D vh^*^:7^- (m^-8^S) T-aH • 

&Lr^ii^?>. ^v:;i.^uymw^^mit. m^^m^'f-m (Mn) 12300, 

S*¥l%:»-^* (Mw) 1 74 0 0, Z^:^^)'^* (M z ) 2 5 0 0 0T$>ofc 

o 

[0 0 64] 
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(-) ±m (A) ®/Ky-r^ f^ms:i lo gtv. rtiic^^y-;i/5 o 

3nic^^?y-;i/5 omi Srinx., 6 ox:ic^aitS:±jfm#L:t#, i^cMb, 
(D^y^ijyh^m-t^o V:t^V^y 1 0 0 s^iM:^xtkm^mmi^. 0. 8$ 

c o^^T% ImmHg, 1 1 0 TCTK^^^-t-S ^5^5K;?)^# e>tlS„ Zl©=fo©S: 

T'M^L:ti:3 5, :i<V::K^uy^n^^Mlt. m.^i^-^^Mi (Mn) i 5 00 

0, M*¥*l:$>^* (Mw) 2 0 0 0 0, Z^p:^^^^ (M z ) 2 7 6 0 0 -^fe 
[0 0 6 5] 

(NT- 2 0 0 : 2, 3, A-hVuy^u^t/Ky-Jz^aLjyte-PT)/ 
-5, e-i^nY^u- 5->i-^\f-'7myy- l-:^)V:i^ym<DhV:^y^v^JV ( 
m^-a-J^-fb^^fe^^^SSiS) ) 0. 2 gS:iD;tT?§jSL, 0. 2 ^ ^ □ >©«H?L 

?t?KS::^tr>n- h^T^^fS^ 5 0 0 r p ml? 5 5B>IS, 5 0 0 0 r p ml? 3 
0#KT'^^Lfe^, l^^^^^«iT9 OTCT 1 0:$^^>^y /<-tJr L/it„ rcDJK 
U-r^KM©l^^tt, 0. 4^^^n>T'feofco 
[0 0 6 6] 

tKHS^^M i ilgMIJ^S-e, 2 0 Om j /cm2®mfif^fTofe„ ZlOD^^tlt^ 
h l/S^^:^ M^$:7^h^^5^>n/T>^-':7A/N-f Kn:r^-9-^ KO. o 5%(D7Km 

mxi 9^mmmi.. -^v^t-i 5 o^c-ei 0 ^m^^mnmmxmmht:Lj'<^ - 
ym^M^mWirnxm^Lt^o 0. 3 5 ^^uy<D^>fyry\^y^^-y^<Dmm. 
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mmHg, 1 1 oTCT'Mffi^^L. mmm^^mt^o 

3©^'J>r ^ K*&*1 glCi;:t^y^>9 NT-2 0 0S:0. 2 gMK.X 

y^3i/\±izmm. 0. 5 2 ^ ^nXD^^-f^iKU^r^ KIKSr^feo 

:?K^3tM i HMIif^g-e, 1 8 0 Om j /c m2<Dmit$:ffofec ZKJD^^-S:? 
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